chromosome 19q13.2, contains 23 exons, and expresses a 2.4 kb transcript. XPD is a 760 amino acid protein that contains 7 distinctive helicase motifs and functions in vitro as a 5Ј-to-3Ј helicase that unwinds DNA in the vicinity of damaged sites. Early studies indi-
that resulted in a nonfunctional protein which destroyed 5Ј direction to a HindIII site between exons 12 and 13. TFIIH function, e.g., splice sites and frame shifts, might
The dominant selectable marker for neomycin resisbe irrelevant to the clinical disease. Only missense mutatance and neutral sequences from ␤-globin including a tions resulting in a change of function would be relevant.
poly(A) addition site, and the tk gene for counter selecMutations corresponding to the human XPD mutations tion, were then added following the stop codon of the were then tested for their capacity to complement a human fragment. This approach, called a "gene-cDNA lethal deletion in the corresponding S. pombe gene (Tayfusion targeting," allows for introduction of a specific lor et al., 1997). Those that failed to complement could mutation with minimal alteration of the regulation of the be excluded from consideration, and together with subgene, which remains under normal endogenous control sequent sequence data, a pattern is evident. Mutations elements. The dominant and counter selection genes in XPD that were associated with XPD patients showed were placed beyond the poly(A) addition site and trana bias in favor of location in the helicase motifs of the scribed in the reverse direction to XPD, to avoid compligene. Mutations associated with other clinical disorders cations that might result if they were part of the XPD were more often outside the helicase motifs. This led to transcript itself. The only minor caveat in this particular the definition of a "repair/transcription factor disease," instance is that there is an additional expressed gene in which mutations that affect a component of the tran-(KCL2) on the noncoding strand that overlaps the site scription apparatus can have widespread and at presof the mutation in the XPD gene. But this appears to be ent unpredictable effects on many downstream genes of no importance to the TTD phenotype of the animal, (Bootsma et al., 1998) . The helicase motif mutations in because no differences were seen after crossing the the XPD gene are presumed to interfere with the pro-TTD mouse with an animal carrying a traditional knocktein's ability to function within the multiprotein complex out in the XPD gene 5Ј to the region of overlap. Any that constitutes the repair machinery, and to unwind the gene with disease-related mutations at the 3Ј terminus DNA, thus compromising both repair and transcription.
of the gene can, in principle, be modeled in this way, Mutations outside the helicase motifs are also presumed and the gene-cDNA fusion targeting approach is likely to compromise both functions but more especially the to find numerous applications. transcription function of TFIIH, either by direct interferThe homozygote animals produced by this technique ence in transcription or destabilization of the transcripclosely mimic the human TTD patients. The UV sensitivtion complex. Destabilization of TFIIH might then be ity, reduced cysteine-rich matrix proteins of the hair, important in terminally differentiating tissues such as growth delay, reduced fertility, and life span all faithfully skin, hair, and the nervous system, as seen in TTD, reproduce the human condition. In many human and where there may be cessation of de novo synthesis and rodent cells, reductions in repair capacity tend first to a more rapid decline of an impaired transcription factor affect a cell's capacity to repair cyclobutane dimers in activity. It is surprising, however, that many of the secnontranscribed regions of the genome, and it will be ondary cellular features involving catalase, apurinic enespecially interesting to learn whether the excision donuclease, and I-CAM show more abnormalities for specificity of these TTD mouse cells for the major UV-XPD gene mutations than for TTD, which is not quite induced photoproducts reflect that in human TTD cells. what would be expected if these changes were primarily
The animals show symptoms of premature aging, includthe result of changes in the transcription function.
ing osteoporosis, sclerosis of the skull, spinal kyphosis, The novelty of the new report (de Boer et al., 1998a) and hair depigmentation. This is particularly interesting, is that the authors have created a transgenic animal that because for many years there have been attempts to directly copies a human mutation in XPD found in TTD, relate repair capacity to aging with little definitive sucby an innovative single-step procedure that is sure to cess: for example, the more severe XP patients that only become widely used (Figure 1) . They chose an argininelack excision repair capacity do not age prematurely to-tryptophan (R722W; C2116T in exon 22) mutation other than the photoaging of the skin (Cleaver, 1984; close to the 3Ј terminus of the XPD gene that is found Bootsma et al., 1998) , and the human premature aging in a TTD patient. A terminal 194 nt of the human XPD diseases of progeria and Hutchinson-Gilford syndrome cDNA containing this mutation was ligated in-frame to exon 22 of mouse genomic DNA that extended in the appear to have normal radiation sensitivity and repair (Weichselbaum et al., 1980) . The TTD mouse may indimouse made by traditional means also showed enhanced cancer induction from UVB and chemical carcincate that aging is more closely related to overall tranogens (van der Horst et al., 1997). The observation with scription capacity and only secondarily to repair of en-CSB could have been discounted by inferring that a dogenously generated DNA damage.
knockout did not reflect accurately what occurs with These animals therefore provide confirmation that the point mutations in a human patient, even though some point mutation in XPD is causative for a TTD disease, of these were functionally null. This explanation cannot and additional mutations in other unspecified genes do be used for the present example of a TTD mouse that not have to be invoked, which had been a possibility. models both the mutation and the major symptoms of Subsequent construction of other point mutations within the corresponding patient in other respects. a helicase motif to produce an XP-D mouse would furDifferences could be trivial, associated with differther confirm this. The technique also opens up the possiences in life spans and accumulated sun exposure. But bilities of reexamining other genes that have proven there may be a more significant basis associated with to be embryonic lethals as knockouts and of making the mouse genome itself. DNA repair studies, from their specific missense mutations to identify viable phenoinception, contained a nagging, unexplained observatypes that have not hitherto been related to NER. The tion that the mouse, and mouse cells in culture particupossibility of examining ERCC1 in the context of NER larly, have an inherently reduced ability to repair the comes to mind; the gene codes for part of the 5Ј excision nontranscribed regions of the genome (Bohr, 1995) . This nuclease of NER, no human patients are known to have does not appear to be due to a difference in any of the mutations in ERCC1, and homozygous null mice were main components of the NER system, but may lie in runted at birth and died shortly after (McWhir et al., some of the additional regulation of repair that occurs 1993).
in vivo, such as the role of p53 interactions with TFIIH. The TTD animals recreate many physical features of
The differences between mouse models and human pa-TTD patients including the hair patterns, stunted growth, tients in their response to carcinogens could therefore and cachexia (wasted appearance), but only to a limited depend on secondary species-specific factors that regextent their neurological degeneration (de Boer et al., ulate repair in different parts of their genomes. 1998a). The mice only displayed occasional tremors, but had normal myelination and general behavior. This is the experience with previous studies in which knockout
